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) provides a framework for improving the processes organizations use to develop and deliver products for their customers. The process improvement concepts embedded in CMMI are based upon sound process management principles used in manufacturing communities for years. These principles have been successfully applied in software and systems engineering process improvement, and are codified for product development in CMMI. This technical note details how operational organizations that perform a variety of missions can benefit from the concepts in CMMI to improve the processes and effectiveness of mission operations.
 CMM and Capability Maturity Model are registered in the U.S. Patent and Trademark Office. SM CMM Integration, and CMMI are service marks of Carnegie Mellon University.
Operational Organizations
An operational organization is any group of individuals teamed together to carry out a mission. A mission is a specific task or set of tasks with which a person or a group is charged to carry out. For the purpose of this technical note, an operational organization is considered to have mission elements or teams that carry out mission tasking or subsets of that tasking. These tasks could be either mission-essential tasks or mission-support tasks [USAF 2000] .
Operational organizations and their mission elements or teams can be on the receiving end of products developed by engineering groups, or they may use less technical means to carry out their mission objectives. This broad definition of operational organizations includes entities such as military units, educational institutions, health care facilities, fire and police units, non-profit organizations, organizations that perform a service such as a help desk function, and even a "Meals on Wheels" operation.
Operational organizations, like engineering organizations, can benefit from a disciplined approach to improving their operational effectiveness. This effectiveness can be measured in terms of lower operating costs and higher throughput and yields on mission outcomes as well as improved working conditions and morale of operational personnel. When considering military units or emergency response teams, disciplined planning, execution, operational risk management, and continuous improvement could be critical to winning the war or saving lives.
With slight interpretations from an operational perspective, operational organizations can use CMMI models today to initiate and sustain an active operational process improvement program.
CMMI for Product Development
Engineering organizations improve their project management, support, process management, and engineering practices using CMMI models [SEI 2001 ]. These four categories are an affinity grouping of process areas which are, in turn, a collection of specific practices that industry experts agree are the characteristics of effective processes [see Table 1 ]. Driven by their strategic business goals, organizations focus process improvement efforts on the areas critical to successfully delivering enhanced products to their customers. Thus, an Internet development organization may decide to focus on those process areas and practices within the model that could help them deliver products to the commercial marketplace quicker than a competitor. An organization building navigational or collision-avoidance systems for manned aircraft may be concerned with system quality and may choose areas of the model related to finding and removing product defects. Each of these organizations has different goals and objectives and therefore select the process areas in their CMMI model that best help them achieve their goals.
The engineering organization can use a CMMI model to raise the capability of process areas [see Table 2 ]. The characteristics that constitute a given capability level are captured in the generic practices of CMMI. A CMMI model provides guidance to help these engineering organizations through a proven approach to move from an ad hoc development process to one that values reasonable plans and processes that are developed, followed, measured, controlled, and eventually standardized, quantitatively managed, and continuously improved. 
Level
CMMI for Operational Organizations
Operational organizations can use these simple process-improvement concepts to improve their practices. Operational organizations contain mission elements or teams that do the following:
• plan their work
• carry out mission-essential and support tasks
• measure the effectiveness of their mission
• define operational procedures and processes
• control the configuration of these procedures and other work products
• identify and manage operational issues and risks
• make structured decisions
• continuously look for ways to improve mission effectiveness On a very abstract level, an enlightened operational organization can use a CMMI model by thinking "mission task" instead of "project" and ignoring the engineering process areas. This approach would get it well on its way to using CMMI to improve operational processes and mission effectiveness. Of course, the devil is in the details so let's look at how an operational organization might interpret each of the non-engineering process areas for its use.
Mission Management
The CMMI process area category called Project Management becomes Mission Management as an affinity grouping of those process areas that focus on improving the management of an operational mission. This process area category would contain the following process areas:
• Task Planning (Project Planning interpreted)
• Task Monitoring and Control (Project Monitoring and Control interpreted)
• Supplier Agreement Management (Supplier Agreement Management interpreted)
• Integrated Mission Management (Integrated Project Management interpreted)
• Operational Risk Management (Risk Management interpreted)
• Quantitative Mission Management (Quantitative Project Management interpreted)
Let's interpret each of these process areas for an operational unit.
Task Planning
The purpose of Task Planning would be to establish and maintain plans that define missionessential and support tasks or sub-tasks. Some operational organizations develop plans unique to each mission tasking they receive while others establish plans that are more global. The tasks performed may have discrete timelines or could be performed in a flow that is more continuous. Regardless of how the tasks are performed, this process area would be used to establish all levels of operational plans. 
Supplier Agreement Management
The purpose of Supplier Agreement Management would be to manage the acquisition of materials and items from suppliers for which there exists a formal agreement. Operational organizations receive raw materials, supplies, and systems from external sources. This process area could be used by an operational organization to establish agreements with suppliers and ensure the agreements are mutually satisfied. 
Integrated Mission Management
This process area would be an advanced Mission Management process area that an operational unit should take on after having a clear grasp of basic task planning and monitoring concepts. The purpose of Integrated Mission Management would be to establish, manage, and integrate mission-essential and support tasks and the involvement of relevant stakeholders according to an integrated and defined process that is tailored from the organization's set of standard processes. The concepts important to an operational unit are that task planning isn't reinvented for every new task and that missions are more effective when internal and external stakeholders are identified and managed. 
Operational Risk Management
The purpose of Operational Risk Management would be to identify potential problems before they occur, so that risk-handling activities may be planned and invoked as needed across the mission tasks to mitigate adverse impacts on achieving mission objectives. Identifying and mitigating operational risks is critical to ensuring mission task effectiveness. In addition, operational risk identification and prioritization techniques could be used to justify or initiate the development or acquisition of new operational systems. 
Quantitative Mission Management
Quantitative Mission Management is an advanced Mission Management process area that would only be effective once an operational unit has a clear understanding of the capabilities of operational processes. The purpose of the Quantitative Mission Management process area would be to quantitatively manage the task's defined process to achieve the mission's established quality-and process-performance objectives. With a quantitative understanding of the operational organization's standard process for task execution, task planners can establish quantitative goals for a given task and manage the execution of the task using statistical process control techniques. 
Mission Support
The CMMI process area category called Support becomes Mission Support as an affinity grouping of those process areas that focus on supporting the execution of mission-essential and support tasks. This process area category would contain the following process areas:
• Configuration Management (Configuration Management interpreted)
• Process and Mission Quality Assurance (Process and Product Quality Assurance
interpreted) • Measurement and Analysis (Measurement and Analysis interpreted)
• Operational Readiness (new process area)
• Decision Analysis and Resolution (Decision Analysis and Resolution interpreted)
• Causal Analysis and Resolution (Causal Analysis and Resolution interpreted) Let's interpret each of these process areas for an operational unit.
Configuration Management
The purpose of Configuration Management would be to establish and maintain the integrity of operational work products using configuration identification, configuration control, configuration status accounting, and configuration audits. Mission task plans, system configurations, maintenance logs, drawings, raw materials, supplies, and training records would be just a few examples of the types of work products an operational unit would use this process area to manage. 
Process and Mission Quality Assurance
The purpose of Process and Mission Quality Assurance would be to provide operational staff and leadership with objective insight into operational processes and mission outcomes. An operational unit would continually assess the effectiveness of its operational processes and the outcome of performing mission tasks. 
Measurement and Analysis
The purpose of Measurement and Analysis would be to develop and sustain a measurement capability that is used to support information needs. An operational unit would align measurement activities with strategic plans and goals. 
Operational Readiness
The purpose of Operational Readiness would be to establish and maintain the readiness needs of operational systems and personnel. Operational Readiness would be a new process area to address the need to identify readiness levels, sustain inventories of required materials, and to maintain the readiness of operational systems and personnel.
Operational Readiness would include the following specific goals and specific practices: SG 1 Establish Readiness Levels SP 1. 
Operational Process Management
The CMMI process area category called Process Management becomes Operational Process Management as an affinity grouping of those process areas that focus on standardizing and improving operational processes. This process area category would contain the following process areas:
• Operational Process Focus (Organizational Process Focus interpreted)
• Operational Process Definition (Organizational Process Definition interpreted)
• Operational Training (Organizational Training interpreted)
• Operational Process Performance (Organizational Process Performance interpreted)
• Operational Innovation and Deployment (Organizational Innovation and Deployment interpreted)
Operational Process Focus
The purpose of Operational Process Focus would be to plan and implement operational process improvement based on a thorough understanding of the current strengths and weaknesses of the operational organization's processes and process assets. Aligning improvement activities with operational needs eliminates the potential for sub-optimization based on misguided improvement activities.
Operational Process Focus would include the following specific goals and specific practices: SG 1 Determine Process-Improvement Opportunities SP 1. 
Operational Process Definition
The purpose of Operational Process Definition would be to establish and maintain a usable set of operational process assets. Codifying the expected behavior of mission elements and teams based on operational needs begins to establish an experience factory within the operational organization.
Operational Process Definition would include the following specific goal and specific practices: SG 1 Establish Operational Process Assets SP 1. 
Operational Training
The purpose of Operational Training would be to develop the skills and knowledge of people so they can perform their roles effectively and efficiently. Operational Training includes training to support the operational organization's strategic objectives and to meet the tactical training needs that are common across mission elements and teams. 
Operational Process Performance
Operational Process Performance is an advanced process area that helps an operational organization gain a quantitative understanding of the performance of selected operational processes or subprocesses. The purpose of Operational Process Performance would be to establish and maintain a quantitative understanding of the performance of the operation's set of standard processes in support of quality-and process-performance objectives, and to provide the process performance data, baselines, and models to quantitatively manage the operation's mission-essential and support tasks. 
Other Operational Considerations
The above interpretation is one view of how an operational organization might approach using CMMI to improve operational processes and mission effectiveness. Obviously, every operational organization must consider additional areas that are critical to the successful completion of its mission-essential and support tasks. Many operational organizations receive their tasking from external sources such as a higher command authority or from customer requests. In this case, the Engineering process area, Requirements Management, could be used to address the need to manage external tasking. Some may find the areas of safety or security important enough to construct process areas to help guide their improvement efforts. The operational organization would also identify additional process needs as it raised the capability of its operational processes.
Operational Process Improvement
Starting an operational process-improvement program is much like starting any generic improvement effort. The first step in improving something is to understand the boundaries of the "system" you are trying to improve. The "system" could be an assembly line, a business unit, an engineering organization, or any combination of people, tools, technologies, and methods employed to accomplish a task. In the case of an operational organization, that "system" could, for example, be a fighter wing, a space operations squadron, a fire department, or a university.
Once the operational entity is defined, a clear understanding of the operational entity's purpose and objectives guides improvement efforts. Many times, the purpose and objectives are stated in strategic planning documents. A clear understanding of the purpose and objectives will keep improvement efforts aligned with strategic needs and will avoid expending critical resources on improvement efforts that don't contribute to those needs.
Along with understanding the operational entity's objectives, it's important to understand how to know if you achieve its objectives. It sounds good to say you intend to make your operation "world class," but how would you know when you're there? The objectives of an operational entity should be stated so that you can perform some level of verification to confirm that your improvement efforts move you closer to those objectives.
Once the operational entity requiring improvement is identified and its purpose is clearly understood, constraints and risks are more easily identified and addressed. The current state of the operational entity could be assessed against its objectives to identify current and potential barriers to meeting those objectives. Improvement plans would then be developed and implemented to address these barriers.
Operational process improvement using a CMMI model is simply an organized approach to identifying and addressing these constraints and risks and helping the operational entity more effectively achieve its purpose.
Example -Fire Department
Most metropolitan areas have a fire department. Typically, a fire department will have teams of fire and emergency personnel working 24-hour shifts to fight fires and respond to numerous emergency situations.
In this example, the operational entity is such a fire department. Its purpose would be stated in a mission statement such as:
The Fire Department protects the life and property of city residents and visitors from fire and critical health threats by doing the following:
• fighting fires to save life and property
• providing pre-hospital emergency medical service
• investigating the causes and origins of fires
• regulating public safety
• conducting fire safety presentations and events
The objectives for the fire department would answer questions such as the following:
• How quickly must emergency vehicles and teams respond to fight a fire?
• What is the quality of the pre-hospital emergency medical service provided?
• How quickly and accurately can the cause and origin of a fire be determined?
• How often are safety codes violated?
• How effective are fire prevention activities?
Mission-essential tasks might include fighting fires, providing emergency medical service, and investigating causes and origins of fires. Mission-support tasks might include regulating public safety and conducting fire prevention activities.
Based on the purpose of this fire department and its stated objectives and tasks, leaders within the fire department chain of command would prioritize areas most important to the accomplishment of the fire department's mission and identify areas as candidates for focused improvement efforts. For example, the fire department may consider mission-essential and support task planning and cause and origin of fire determination most important. Maintaining the readiness levels of equipment and personnel might also be an imperative. The fire department has many vendors who supply critical equipment and supplies and management of these vendors is a high priority. In addition, because of high turnover due to an early retirement program, training new fire and emergency personnel could be of concern.
Using CMMI, this fire department might select the following process areas as the most important ones to improve first:
• Task Planning (TP)
• Task Monitoring and Control (TMC)
• Operational Training (OT)
• Operational Readiness (OR)
• Causal Analysis and Resolution (CAR)
• Supplier Agreement Management (SAM)
They could then develop a "target profile" of these process areas, which includes the capability level they feel they need to attain in each process area to attain future success (see Figure 1 ). With the scope, purpose, and objectives of the fire department defined, and a prioritized list of areas deemed critical to its success identified, the fire department can perform a simple and informal gap analysis between CMMI practices and the department's implemented processes. The constraints, weaknesses, and risks identified become the areas the department can address to improve their practices. As the fire department implements improvements, they will learn from the experience and cycle through another phase of improvement based on what they learned.
Example -Satellite Operations
In the US Air Force there are operational units responsible for operating critical satellite systems. Typically, a space-operations squadron would have teams of airmen and contractor personnel who work shifts performing 24-hour satellite tasking, operations, front-line maintenance, and support for the purpose of carrying out the squadron's mission.
In this example, the operational entity is the space-operations squadron. Its purpose would be stated in a mission statement such as the following: The objectives for this squadron would answer questions such as the following:
• How quickly and accurately must the system process satellite information?
• How reliably must operational systems perform control functions?
• How quickly must data processing equipment problems be identified and corrected?
• When would we know we were prepared for operating a new sensor?
Mission-essential tasks might include processing satellite information and performing satellite command and control functions. Mission-support tasks might include monitoring and maintaining data processing equipment and preparation activities to operate the new sensor.
Based on the purpose of this squadron, its stated objectives and tasks, leaders within the Air Force would prioritize areas most important to the accomplishment of the squadron's mission and identify areas as candidates for focused improvement efforts. For example, the squadron may consider mission-essential task planning and sensor tasking most important. Maintaining the readiness levels of equipment and personnel might also be an imperative. In addition, because they will operate a new sensor in the near future, an aggressive training program and risk identification process could be of concern.
Using CMMI, this squadron might select the following process areas as the most important ones to improve first:
• Integrated Mission Management (IMM)
• Operational Risk Management (ORM)
They could then develop a "target profile" of these process areas, which includes the capability level they feel they need to attain in each process area to attain future success (see Figure 2 ). With the scope, purpose, and objectives of the space operations squadron defined, and a prioritized list of areas deemed critical to its success identified, the squadron can perform a simple and informal gap analysis between CMMI practices and the squadron's implemented processes. The constraints, weaknesses, and risks identified become the areas the squadron can address to improve their practices. As the operational squadron implements improvements, they will learn from the experience and cycle through another phase of improvement based on what they learned. This is why it's called continuous process improvement.
Benefits for Development and Acquisition Organizations
Product development organizations are aligning and improving their engineering practices using CMMI. The model provides a common language and focus for improvement across all the disciplines that team together to build and deliver products. Acquisition organizations that commission a developer and oversee that developer building and delivering products are beginning to use CMMI to increase the probability of success when teaming with a developer to bring enhanced capabilities to operational organizations.
One of the most difficult acquisition and development tasks is to shift new capabilities into operational use. After years of development, new systems fail to meet an operational need or to mitigate an operational risk. Resistance comes from operators who see a depletion of capability or are forced to change their operational processes to meet awkward business models built into the new product. The DoD is attempting to address this problem by encouraging their acquisition organizations to adopt evolutionary acquisition practices. DoD Directive 5000. Unfortunately, not much guidance is available on how to successfully "communicate with each other" to acquire, develop, and deliver capabilities to users in an evolutionary fashion. Delivering the wrong system faster won't solve an operational need. The practices used by the acquirer, developer, and operator need to be well defined, understood, and aligned with mission objectives so that operational deficiencies and risks can be clearly stated and new systems built to address these clearly stated needs. Figure 2 shows how the success of each organization depends on close cooperation and communication with the others. The ideal environment for incremental or evolutionary delivery of systems into operational use would include acquirers, developers, and operators, all using a common framework to plan, manage, make decisions, manage and communicate issues and risks, define and improve processes, and work effectively in cross-organizational teams. As operational organizations are challenged with needing new and innovative technologies to meet evolving threats, the need for disciplined practices and a common language for improvement shared with their suppliers is greater than ever. CMMI provides the basis for such a vision.
Developer
Next Steps
This is the first attempt to show how an operational organization can interpret CMMI to help establish and maintain an operational process-improvement program. An enlightened leader within an operational organization could start a CMMI-based improvement program today without further model definition. Others may take these ideas and further refine them and propose an addition to the CMMI model framework that explicitly addresses operational needs.
